Abstract
Introduction
1 Competitive swimming is one of the most challenging sports to perform scientific research. Not only the research of human movement is quite complex, because human beings are not so determinists as other biomechanical systems; but also, assessing human beings in aquatic environment becomes even more as this is not their natural environment and other physical principles have to be considered. Swimming performance depends on the interaction of propulsive and resistive forces. crawl is the fastest and most efficient swimming style. Arm propulsion is generated through alternating the sculling arm; while one of the arms is pushing/pulling the other is recovering. The arm stroke provides most of the forward momentum and supplies most of the propulsive force. At present the dominant view is that the hand acts as a hydrofoil, generating both lift and drag.
Methods
The major part of the thrust produced in the freestyle swimming (front crawl) depends on the angle of attack (the angle formed by the hand with the surface of water in the crawling direction) and the finger spacing on the hands. An optimum angle of attack and an optimum finger spacing increases the thrust produced by the swimmer and helps in competitive swimming. For analysing the effect of angle of attack on the thrust produced, Bixler and Riewald [4] created a CFD model of hand and forearm with the wrist in neutral position. Using this, the lift and drag forces were determined by them and the hydrodynamic forces were evaluated and these force coefficients were validated by comparing them with the steady-state coefficients obtained experimentally.
The analysis done for the various angles of attack showed that the force coefficient was maximum for the angles of attack near 90 and was minimum for the angles of attack between 120 to 135 . From this the optimum angle of attack should be selected which should be selected based on the force coeffients where maximum drag can be reduced optimising the angle of attack.
Fig. 2a: Variation of force coefficients with angles of attack
Also the in-between finger spacing on the hand has a effect on the thrust produced by the swimmer in the water. Therefore an analysis was done for the optimum finger spacing. It considered distinct styles of finger spacing and the results were evaluated for them accordingly. The optimum finger spacing is the one which produces maximum propulsion in the forward direction. The fig. 2(b) shows the variation of coefficient of drag with the finger spacing in angles as well as considering the length in between them. The optimal finger spacing is the one by which maximum drag can be produced by the swimmer for the forward crawl.
Conclusion
The experimental results validated the results obtained by CFD analysis of the hand and forearm of the swimmer which reduces the cost of experimentation and also the optimum finger spacing was studied to increase the thrust for swimming. Therefore the optimal finger spacing would be around 8.0 mm or 10 to 12 and the optimum angle of attack would depend on the force coefficient which is maximum around 90 for drag coefficients and around 120 to 135 for lift coefficients. Based on the combination of both, optimal angle of attack and finger spacing, the propulsion speed can be increased.
